This paper suggests a cooperative spectrum sensing using dynamic double thresholds energy detection and adaptive grid search to obtain the highest probability detection. 
Introduction
Spectrum sensing technology can alleviate the scarcity of spectrum resources. In cognitive radio networks, second user (SU) can utilize a licensed channel when the signal of primary user (PU) is absent. In order to estimate whether the primary user is present or absent, SU must perform spectrum sensing. The initial sensing method is single SU perform spectrum sensing independently. Due to path loss, Rayleigh fading and shadowing fading, single SU perform spectrum sensing poorly. So as to obtain better sensing performance, some SUs can jointly perform cooperative spectrum sensing.
Some studies are focusing on cooperative sensing using double energy threshold. In [1] , a hierarchical cooperative sensing method was used to improve sensing performance. The distance between double thresholds was divided into four regions and all weights were same in a region. But this method was not taken the particularity of each SU into serious consideration. In [2] , Eigen value of signal was used to improve sensing performance, but the distance between double thresholds was subjectively given and the double energy thresholds in this method were not robust to noise fluctuation. In [3] , k-out-of-M fusion rule was used to improve sensing performance. In this method, the difference between double thresholds was important to optimize the detection performance, but the authors did not explain how to set the double thresholds appropriately.
In this paper, the proposed double thresholds have capability to adapt to the change of noise power. Due to the different SU estimates different noise power and SNR, all SUs perform local sensing will get different double thresholds. Because receiving energy of each
System Model
In the this section, we consider a cognitive system having N SUs, a PU and a cognitive b A spectrum sensing system model consists a PU, a cognitive base station (CBS) and N SUs. These SUs are uniformly distributed around the PU. CBS is a fusion center and it decides the PU is present or absent. The system model illustrated as 
Calculate the Optimal Threshold
For spectrum sensing, every SU performs energy detection independently and the received signal of SU is given by [5] 
Assume E is the average energy of the SU received signal, it is expressed as [6] : ) and the probability of false alarm ( f P ) can be expressed as respectively [7] : is expressed as [7] : and the probability of error detection ( e P ) is expressed as [9] :
Let 1 E denote the estimation of the noise power, i.e.
2
1= v E  , 2 E denote the estimation of the sum of signal power and noise power, i.e. The optimal threshold ˆo  ˆo  is [9] International Journal of Future Generation Communication and Networking Vol. 7, No.3 (2014) 176
Adaptive Double-Threshold Setting
The optimal threshold O ˆ is the center point, and
. In fact, noise power should be less than or equal to l  , and noise power adding signal power should be greater than or equal to h  . d is satisfied expression (11) and
where  is a impact factor. According to (13), 
Local Weight Assignment and Cooperative Spectrum Sensing Algorithm
N SUs are participated in cooperative spectrum sensing in cognitive radio networks. We assume the Only when F=0, fusion center can't decide whether the primary user is present or absent, and all SUs have to increase a sensing cycle time. Fig.2 . summarizes the weights allocation and cooperative sensing.
From weights allocation and cooperative sensing algorithm, we discover that the fusion method combines soft fusion and hard fusion, and this algorithm can improve sensing performance while reducing communication overhead.
Adaptive Grid Search Algorithm for Optimal Control Parameter
For spectrum sensing, we need to choose an optimal control parameter  to obtain the best global sensing performance. Grid search can find the optimal  according to the feedback of global 3)
The optimal parameter opt  and the SNR k will be saved as a group of prior knowledge to a knowledge base. Subsequent spectrum sensing will directly invoke the opt  according to the prior knowledge when the SNR k appears repeatedly. If SNR changes, go to step 1).
Simulation Results
In order to evaluate the sensing performance of the proposed scheme, we design two simulation experiments: A) parameter  impacts on sensing performance; B) function testing of grid search.
In the simulation experiments, we assume the PU signal is a BPSK (Binary Phase Shift Keying) signal, sample frequency is 10 KHz, the sensing time is 0.1s, the presence probability of the PU is 
Investigating the Impacting of Parameter  on Sensing Performance
In order to illustrate the control parameter  impacting on sensing performance, we observe that probability of detection d P and probability of error detection e P will be how to change when  is changed. Figure 3 illustrates the results of a n d d e P P versus  . In Figure 3  (a) , there is an optimal  to make d P maximum under a SNR, the optimal  may be different under different SNR. In Figure 3 (b) , there is also an optimal  to make e P e P minimum under a SNR. By comparing Figure 3 (a) and Figure 3 (b) , we discover their optimal  are the same under the same SNR. This is what we expect. Therefore, finding the optimal  is very important to improve sensing performance.
Function Testing of Grid Search
In order to test function of grid search, Figure  4 illustrates the results of comparison. We discover that , m a x d P is the highest. Therefore, it is effective using grid search algorithm to obtain the best sensing performance. Further, we discover that 
Conclusion
In this paper, we have studied a new cooperative spectrum sensing method. This method used adaptive double thresholds energy detection and adaptive grid se arch to obtain the highest probability of detection. In local sensing, SU obtained the optimal threshold through estimating noise power and SNR, and we set an impact factor to adjust the distance between the double thresholds. In cooperative sensing, all SUs are assigned weights according to the received average energy and participated in cooperative sensing. Adaptive grid search could find out the optimal double thresholds and obtained the best sensing performance. We also take the impact of path loss, multipath Rayleigh fading and shadows fading into consideration. Simulation results have demonstrated that the proposed spectrum sensing method have excellent sensing performance with low SNR and noise fluctuation.
